The present study is the first report on essential oil (EO) composition, phytochemicals, and biological potential of Achillea sivasica tested against free radicals, oxidative damage, and tyrosinase enzyme. Gas-Chromatography Flame Ionization Detector (GC-FID) and gas chromatography/mass spectrometry (GC/ MS) analyses revealed that β-pinene (11.5%, 9.3%, and 6.7%), β-pinene (7.0%, 3.0%, and 6.9%), 1,8-cineole (18.0%, 22.1%, and 6.7%), and camphor (7.6%, 4.1%, and 9.0%) were the major constituents in the EOs from the herb, flower, and leaves, respectively. Liquid chromatography-mass spectrometry/mass spectrometry (LC-MS/MS) analysis of the extracts revealed the presence of caffeoylquinic acid derivatives, luteolin, apigenin, patuletin, isorhamnetin, cirsimaritin, and santin. The leaf extracts demonstrated strongest free radical scavenging, cupric reducing, lipid peroxidation inhibition, and antityrosinase activities.
Introduction
The genus Achillea is included in the Anthemideae Cass. tribe of Compositae family and has about 115 taxa. In the Flora of Turkey, the genus Achillea is represented by 6 sections and 49 species (58 taxa), and 24 species of them are endemic with an endemism ratio 49%. An endemic species Achillea sivasica Çelik & Akpulat has recently been described by Çelik and Akpulat. [1] Achillea species are known in Anatolia with local names as civanperçemi, binbiryaprak otu, ayvadanasi, and kiliç otu. Some representatives are consumed as an infusion for their organoleptic properties. In traditional medicine, the aerial parts of Achillea species are generally used for analgesic effects to eliminate the flatulence of infants, as emenagog, against diarrhoea, and for wound healing. [2] [3] [4] The most investigated Achillea species is A. millefolium L. (yarrow) which is cultivated in many countries. [5, 6] Monographs on the herb and flowers of A. millefolium are recorded in different pharmacopeias: American Herbal Pharmacopoeia, [7] The British Herbal Pharmacopoeia, [8] European Pharmacopoeia, [9] German Homoeopathic Pharmacopoeia, [10] and WHO Monographs. [11] Previous phytochemical investigations on different Achillea species reported about monoterpenes, sesquiterpenes, sesquiterpene lactones, essential oils, flavonoids, lignans and caffeoilquinic acid derivatives. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] A wide range of biological activities of Achillea species were scientifically investigated: antioxidant, [22] [23] [24] [25] [26] anti-inflammatory, [19, 21] antifungal and antimicrobial, [21, [27] [28] [29] [30] antinociceptive,- [21, 31] insecticidal and herbicidal activities. [32, 33] The antidiabetic effect of A. santolina L. ethanolwater extract was proposed due to its antioxidant effects. [34] A. crithmifolia Friv. ex Hampe and A. nobilis subsp. neilrechii, A. millefolium subsp. pannonica, A. teretifolia, and A. nobilis subsp. sipylea showed the highest activities on catalase, on superoxide dismutase, on glutation peroxidase, and on lipid peroxidation enzyme systems of leucocytes, respectively. The infusions of Achillea species can be considered as a potential source of effective antioxidants which can prevent the diseases in which lipid peroxidation takes contribution. [24] Antioxidants derived from plants struggle against oxidative stress in the living organism via supporting a balance between oxidants and antioxidants. [35] Today, most of processed foods contain synthetic antioxidant additives for preservation of foods from oxidative decomposition. Actually they are reported to be safe. However, synthetic additives in foods may be harmful with unwanted consequences to our health (cancer, allergy etc.), especially in wellnourished populations. [36] So, there is increasing demand in safe, cheap, and effective antioxidants derived from natural sources with minimum side effects. Therefore, we subjected EOs and the extracts of A. sivasica to investigation in different antioxidant activity tests.
Tyrosinase is the key enzyme in the production of melanin. [37] The central role of tyrosinase in dopamine neurotoxicity as well as in contribution to the neurodegenerative Parkinson's disease is well-documented. [38] Tyrosinase belongs to copper-containing enzymes that catalyse the hydroxylation of tyrosine to 3,4-dihydroxyl-L-phenilalanin (DOPA) by monophenolase action and oxidation of DOPA to DOPA-quinone which may polymerize to form high-molecular-weight compounds or brown pigments. [39] Also, tyrosinase is responsible for the colour change such as browning of fruits and vegetables. In the literature, there is a report that A. millefolium EO suppressed melanin production by decreasing tyrosinase activity. [40] Therefore, we attempted to test A. sivasica herb, flower, and leaf EOs as well as the extracts towards tyrosinase from mushroom.
Almost no published information about the chemistry and biological activity of A. sivasica is available, despite the local importance of many Achillea species in the traditional health care system of Turkey. Wide biological activities of Achillea species prompted us to investigate A. sivasica for different biological activities. Literature survey revealed only botanical description of endemic A. sivasica which was reported by Çelik & Akpulat. [1] The main goal of the present study is to give a first detailed phytochemical and biological characterization of A. sivasica.
Materials and methods

Reagents
DOPA, Folin-Ciocalteu phenol reagent (FCR), β-carotene, quercetin, butylated hydroxytoluene (BHT), gallic acid (GA), neocouproine (Nc), (±)-6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox), 2,2-diphenyl-1-picrylhydrazyl (DPPH), ammonium acetate, copper chloride, kojic acid, and tyrosinase from mushroom (EC 1.14.18.1) were purchased from Sigma-Aldrich (St. Louis, MO, USA). All solvents were purchased from Sigma Aldrich (Germany) and were of analytical grade.
Preparation of extracts
A. sivasica herb, flowers, and leaves were powdered and separately subjected to maceration in ethyl acetate, methanol, and water. Extraction of the plant material was performed at room temperature by maceration of the ground drug in the solvent (drug /solvent ratio 1:10) for 24 h with continuous shaking. The ethyl acetate and methanol extracts were dried under vacuum. The aqueous extracts were lyophilized.
Gas chromatographic analyses
The gas chromatography/mass spectrometry (GC/MS) and GC-FID analyses were carried out with an Agilent 5975 GC-MSD and Agilent 6890N GC systems (Agilent, USA; SEM Ltd., Istanbul, Turkey) equipped with the HP-Innowax FSC column (60 m × 0.25 mm id with 0.25 μm film thickness, Agilent, USA) in conditions reported earlier. [42] Identification of the individual compounds was performed as reported previously. [42] Liquid chromatography-mass spectrometry/mass spectrometry analysis Liquid chromatography-mass spectrometry/mass spectrometry (LC-MS/MS) analysis was carried out using an Absciex 3200 Q trap MS/MS detector. Experiments were performed by using LC-MS/MS (20A HPLC system, Shimadzu) coupled to an Applied Biosystems 3200 Q-Trap instrument equipped with an ESI source operating in negative ion mode. GL Science Intersil ODS 250 × 4.6 mm, i.d., 5 µm particle size, and octadecyl silica gel analytical column operating at 40°C have been used for the chromatographic separation. The solvent flow rate was maintained at 0.7 mL/min. Detection was carried out with PDA (photodiode array) detector. The elution gradient consisted of mobile phases (A) acetonitrile:water: formic acid (10:89:1, v/v/v) and (B) acetonitrile:water:formic acid (89:10:1, v/v/v). The composition of B was increased from 10% to 100% in 40 min. Liquid Chromatography-Electrospray Ionization-tandem Mass Spectrometry (LC-ESI-MS/MS) data were collected and processed by Analyst 1.6 software. For enhanced mass scan (EMS), the MS was operated at a mass range of 100-1000 amu. Enhanced product ion spectra were measured from m/z 100 up to m/z 1000. Nitrogen was used as the collision gas, and the collision energy was set at 30. The parameters were as follows: collusion energy spread (CES)-0, declustering potential (DP)-20, entrance potential (EP)-10, curtain gas (CUR)-20, gas source 1 (GS1)-50, gas source 2 (GS2)-50, CAD-medium, Ihe-on, and temperature (TEM)-600. For the InformationDependent Acquisition (IDA) experiment, the criteria were arranged for ions greater than 100,000 m/z and smaller than 1000 m/z and excluded former target ions after 3.0 occurrence(s) for 3000 s.
Determination of total phenol content
Total phenolic contents of the extracts were determined with FCR by employing the method of Singleton et al. [43] The results were calculated as the average values of gallic acid equivalent (GAE) with standard error mean (SEM). The calculations were performed with the equation y = 1.6575x − 0.0013 (r 2 = 0.9986). Analyses were performed in triplicate. Experimental details are available as supplementary material in Section S1.
Determination of total flavonoid content
The total flavonoid content of the extracts was determined spectrophotometrically according to Miliauskas et al. [44] Calculations were performed with the equation y = 1.9673x − 0.0236 (r 2 = 0.9997). Analytical characteristic for the applied method are reported as supplementary material in Section S2.
Free radical scavenging activity assay (DPPH test)
The free radical scavenging abilities of A. sivasica EOs and the extracts were measured from the bleaching of DPPH (purple-coloured stable radical) using the method of Brand-Willam et al. [45] with slight modifications. The DPPH solution (0.08 mg/mL, in methanol) was prepared daily and stored in the dark at 4°C. The stock solutions of the EOs (30 mg/mL), the extracts (10 mg/mL), and GA (0.1 mg/mL) were prepared in methanol. 100 μL of the sample (EO/extract/standard) solution and 100 μL DPPH solution were placed by multichannel automatic pipette (Eppendorf Research® plus, Germany) into 96-flat bottom-well plate cells and incubated in the dark for 30 min. The control well contained 100 μL methanol (instead of the sample) mixed with 100 μL of DPPH. The absorbance was recorded at 517 nm. GA was used as positive control. The free radical scavenging activity of the samples was expressed as the percentage of inhibition calculated according to the equation:
where Abs control is the absorbance of the control (containing all reagents except the test compound) and Abs sample is the absorbance of the sample with added DPPH. The IC 50 values were obtained by plotting the DPPH scavenging percentage of each sample against the sample concentration. Data were analysed using the SigmaPlot software (Version 12.0).
Cuprac reducing capacity (CUPRAC) assay
The cupric ion-reducing capacity of EOs and the extracts was determined according to the method of Apak et al. [46] with slight modifications. The EOs and the extract solutions were prepared (30 mg/mL and 10 mg/mL, respectively) in methanol. CuCl 2 solution (1.0 × 10 −2 M) and ammonium acetate buffer (1.0 M, pH 7.0) were prepared in ultrapure water. Neocuproine (Nc) solution (7.5 × 10 −3 M) was prepared in absolute ethanol. Each well contained 55 μL sample solution (EO/extract/standard), 50 μL CuCl 2 solution, 50 μL neocuproine solution, and 50 μL NH 4 Ac buffer. The control well contained the same reagents except the sample (methanol was added). After incubation at 25°C for 30 min, the absorbance at 450 nm of wells was measured using an ELISA microplate reader (Biotek Powerwave XS). Cuprac reducing capacity of EOs and the extracts was expressed as Trolox equivalents (TE) and in mM/g of extract which were obtained from the following standard curves of Trolox: y = 2.1358x + 0.2658 (r 2 = 0.999), where y represents the absorbance and x represents the cupric reducing capacity in TE mM/mL. The results are expressed as average TE values with SEM. The analytical characteristics for the applied method are reported as supplementary material in Section S3.
Β-carotene/linoleic acid peroxidation inhibition assay β-Carotene bleaching test involves hydrogen atom transfer reactions. Here, linoleic acid is the model lipid substrate used in an emulsified form. The assay lies in between methods employing only model substrates (e.g., DPPH) and those using real lipids. [47] Inhibition of lipid peroxidation by A. sivasica EOs and the extracts was measured according to method of Marco [48] with slight modifications. Briefly, β-carotene (5 mg) dissolved in chloroform (5 mL) was added to a flask containing linoleic acid (120 mg) and Tween 20 (1200 mg). The contents of flask were vigorously shaken before chloroform was evaporated under the vacuum. After evaporation, 300 mL of pure water was added and shaken vigorously. BHT (1 mg/mL) was used as the reference antioxidant. 10 μL sample (EO (10 mg/mL)/extract (10 mg/mL)/standard) and 2 mL of β-carotene emulsion were mixed in the deep-well plate. After that, 300 μL of the mixture was placed by 8-channel automatic pipette (Eppendorf Research® plus, Germany) into a 96-well microplate and incubated at 50°C for 2 h. Control was prepared without sample or standards according the same procedure. The rate of β-carotene bleaching was monitored by measuring the absorbance at 15 min periods at 470 nm sing an ELISA microplate reader (Biotek Powerwave XS). [48, 49] Analyses were run in triplicate, and the results were expressed as the average of inhibition percentage values (% ±SEM) calculated according to the equation:
where AA is the antioxidant activity, Abs0 sample and Abs120 sample are the absorbances of the sample at 0 min and 120 min, Abs0 control and Abs120 control are the absorbances of the control at 0 min and 120 min.
Tyrosinase inhibition assay
Tyrosinase inhibitory activity of A. sivasica EOs and the extracts was assessed using the modified 96-well microplate method reported by Masuda et al. [50] The solutions of EOs and the extracts (10 mg/ mL) were prepared in phosphate buffer (pH 6.8). Dimethyl sulfoxide (DMSO) was added for insoluble samples. The experiment was designated as follows: eight wells were used, A (three wells, control), B (one well, blank), C (three wells, sample), and D (one well, blank), which contained the following reaction mixtures: A, 120 μL of a 0.1 M phosphate buffer (pH 6.8) and 40 μL of tyrosinase (33.3 U/mL) in the same buffer; B, 160 μL of the same buffer; C, 80 μL of the same buffer, 40 μL of tyrosinase (33.3 U/mL) in the same buffer, 40 μL of the sample-buffer solution containing DMSO; D, 120 μL of the same buffer and 40 μL of the same amount of the sample solutions containing DMSO. Pipetting was performed with 8-channel automatic pipette (Eppendorf Research® plus, Germany). As a positive control experiment, kojic acid (0.01-0.1 mg/mL in buffer) was used. Quercetin (0.1 mg/mL in buffer) was used as the reference. The contents of each well were mixed and then preincubated at 23°C for 10 min, before 40 μL L-DOPA (2.5 mM) in the same buffer was added. After incubation at 23°C for 15 min, the absorbance at 475 nm of wells was measured using an ELISA microplate reader (Biotek Powerwave XS). The percentage inhibition of the tyrosinase activity (Inh %) was calculated according to the following equation:
Antityrosinase activity of the EOs and the extracts was also expressed as kojic acid equivalents (KAE) in mg/g of extract or EO. Kojic acid dilutions in methanol were prepared to get a calibration curve. Calculations were performed with the equation y = 1014.1x + 11.798 (r 2 = 0.9958), where y represents the % inhibition and x represents the concentration in mg/mL. Analyses were run in triplicate and the results were expressed as average values of KAE with SEM. The analytical characteristics for the applied method are reported as supplementary material in Section S4.
Results and discussion
Phytochemical analysis
According to WHO publications, an approximately 80% of the world's population from developing countries use plant-derived medicines for their primary health care. The remaining 20% of people consider the herbal medicines as alternative approach for health care purposes. [51] Achillea species have an important place among those types of medicines. The biological activity of EOs and polyphenols of Achillea species is well-documented. [24, [52] [53] [54] The present work aimed to get further knowledge on phytochemical and biological properties of the EOs and the extracts of endemic A. sivasica species from Turkey. Hydrodistillation of the herb, flowers, and leaves of A. sivasica resulted in greenish oils with specific odour. The extracts with different polarity solvents (methanol, ethyl acetate, and aqueous) were obtained from the herb, flower, and leaves. The EOs and the extract yields are presented in Table 1 .
The GC-FID and GC/MS techniques allow us to determine the qualitative and quantitative profiles of volatiles from the herb, flowers, and leaves of A. sivasica. The list of detected compounds with their relative percentages, relative retention indices (RRIs), and method of identification is given in Table 2 . The EOs of A. sivasica were characterized with high diversity of volatile constituents classified as mono-and sesquiterpene hydrocarbons and their oxygenated forms. The oxygenated monoterpenes were the most abundant among other groups in the herb, flower, and leaf of A. sivasica EOs representing 33.6%, 41.0%, and 24.2%, respectively. 1,8-Cineole (18.0%, 22.1%. and 6.7%, respectively) and camphor (7.6%, 4.1%, and 9.0%, resp.) were found to be the major constituents of this group. It was followed by the monoterpene hydrocarbons which were detected in the herb, flower, and leaf EOs (23.4%, 15.6%. and 17.9%, respectively) with β-pinene (11.5%, 9.3%, and 6.7%, respectively) and β-pinene (7.0%, 3.0%, and 6.7%, respectively) as major constituents. Oxygenated sesquiterpenes comprised the next noteworthy group in the herb, flower, and leaf EOs (15.9%, 12.9%, and 16.9%, respectively) with a-bisabolol (7.5%, 4.3%, and 6.6%, respectively) as major representative. On the other hand, the sesquiterpene hydrocarbons in the herb, flower, and leaf EOs were found as 9.6%, 8.8%, and 2.7%, respectively, with germacrene D as the main compound (4.8%, 3.5%, and 2.0%). The distribution of major compound classes in A. sivasica EOs is presented in Fig. 1 . Only the compounds with the relative amounts higher than 0.3% were listed in Table 2 . Representative chromatogram of the EO of A. sivasica is presented as supplementary material in Section S5.
The composition of A. sivasica EO was compared with Achillea species reported earlier. A comparative study revealed that A. sivasica contains several common compounds detected in Achillea species, namely β-and β-pinene, 1,8-cineole, and camphor. A high percentage of β-pinene has earlier been reported for A. odorata L. var. microphylla (Willd.) Willk., [55] while β-pinene was the main constituent of A. millefolium L. and A. sintenisii Hub.-Mor. oils. [56, 57] The oxygenated monoterpenes, 1,8-cineole, and camphor were detected in a number of Achillea oils. [32, 52] However, distribution of β-bisabolol was not so common in Achillea oils: A. millefolium ssp. millefolium [58] and A. barrero. [59] The data about the total phenol contents in A. sivasica extracts are summarized in Table 3 . The flower (51.1 mg GAEs/g extract) and the leaf (54.7 mg GAEs/g extract) extracts of A. sivasica prepared with methanol had the highest polyphenol contents. The lowest amount of the total phenols and flavonoids was determined in the aqueous extracts. The total phenolic content in the extracts of A. sivasica was determined spectrophotometrically by using FCR. Phenolic compounds react with FCR under basic conditions (pH = 10). In this condition, the phenolic proton dissociates to a phenolate anion, which can reduce FCR. [60] Of course, this method does not give information about nature of phenolic compounds. Although, the results can give tips about the potential of A. sivasica as a possible source of antioxidants.
Total flavonoids in A. sivasica extracts were determined using spectrophotometric method with AlCl 3 and the obtained results varied from 3.7 to 31.7 QE mg/g extract. All methanol extracts, herb (31.7 QE mg/g extract) > leaf (31.4 QE mg/g extract) > flower (27.1 QE mg/g extract) possessed highest content of flavonoid compared to ethyl acetate and aqueous extracts (Table 3) .
Polyphenolic compounds are widespread virtually in many plants and include phenols, phenolic acids, flavonoids, tannins, and lignans. [61] It has recently been proved that herbal flavonoids are absorbed at an extent that may promote an antioxidant effect. They can act as reducing agents, donators of hydrogen, quenchers of singlet oxygen, scavengers of free radicals, and chelators of metals. [35] Both the digested flavonoids and their metabolites may display an in vivo antioxidant activity, which may involve the physiological antioxidants (β-tocopherol and β-carotene).
[62] The Folin-Ciocalteu method and aluminium chloride colorimetric method for determination of the total content of phenols and flavonoids, respectively, are rapid and reliable assays, giving basic information about the amounts of phytochemicals. However, these methods do not give a full picture concerning the qualification of phenolic compounds in complex samples. Therefore, the phenolic profile of MeOH, EtOAc, and aqueous extracts of A. sivasica herb were further assessed by LC-MS/MS, and the results are presented in Table 4 . As can be seen, phenols comprised of flavonoids and phenolic acids, namely 4,5-dicaffeoylquinic acid, 3-caffeoylquinic acid, 5-caffeoylquinic acid, luteolin, apigenin, patuletin, isorhamnetin, hispidulin glucosides, cirsimaritin, and santin. This is the first contribution into the chemical composition of phenolic compounds of A. sivasica. Seventeen phenolic compounds were identified according to mass spectral data.
The chemical profile of non-volatile constituents detected in A. sivasica was compared with that reported earlier for Achillea species. Flavonoid's chemical profile was found to be close to that of A. millefolium, [16] A. conferta DC, [63] A. nobilis L., [64] and A. ageratum. [65] Cafeoylquinic acid derivatives have earlier been characterized in A. collina Becker ex Rchb. [66] and A. millefolium, [67] Antioxidant activity
A comprehensive review about the multifaceted aspects of antioxidants and the basic kinetic models of inhibited oxidation and the chemical mechanisms of antioxidant capacity assays has recently been published by Huang et al. [60] Among the antioxidant activity measuring tests, DPPH free radical scavenging assay is the most extensive applied one. Foti and co-workers suggested that the reaction Table 4 . Mass spectral data and putative identification of Achillea sivasica herb extracts components.
Ref.
MeOH extract
EtOAc extract Aqueous extract 6.9 353 191, 173 5-Caffeoylquinic acid + + + [15] 7.0 401 269, 161 Apigenin pentoside + [90] 7.8 563 503, 473, 425, 383, 353
Apigenin C-hexoside-C-pentoside + + [16] 7.9 593 353, 383, 473, 443 Apigenin C-hexoside-C-hexoside + + [16] 8.1 447 357, 327, 429, 285 Luteolin 6-C-glucoside + + + [16] 8.3 461 341, 313, 298, 285 Chrysoeriol C-hexoside + + + [63] 9.9 431 341, 311, 283 Apigenin −8-C glucoside + [64] 9.9 461 429, 371, 341, 313, 298 300 amu flavonoid + C glucoside like Swertiajaponin + + + [91] 10.3 447 285 Luteolin glucoside + + [92] 10.3 493 331, 315,287 Patuletin-7-glucoside + [93] 10.5 477 315, 299 Isorhamnetin O-hexoside or Eupafolin-7-glucoside + [16] 11.8 353 191, 179, 173, 135 3-Caffeoylquinic acid + [15] 14.3 423 /421 163 /161 Coumaric acid hexoside derivative + [94] 12.5 515 353, 191, 179, 173 4,5-Dicaffeoylquinic acid + [95] 12.6 461 446, 313, 298, 283, 255
Hispidulin-7-glucoside + [65, 96] 25.1 313 297, 283, 255, 163, 117
Cirsimaritin + [18] 25.3 343 328, 313, 298, 285 Santin + + [97] S700 Y. HALILOGLU ET AL.
between antioxidant compounds and DPPH radicals behaves like an electron transfer reaction. [68] It has earlier been argumented that antioxidants have the ability to act as free radical scavengers (DPPH
• and ABTS +• scavenging assays), [69] as reducing agents (cupric ions), [70] or as hydrogen atom donators (inhibition of linoleic acid oxidation). [71] The evaluation of antioxidant capacity of some compounds in EOs and extracts has been the subject of a number studies. [72, 73] However, antioxidant potentials of plant products cannot be carried out accurately by only one method. [60] Therefore, we applied several antioxidant assays that would provide a better insight into the true antioxidant potential of EOs and the extracts of A. sivasica. Namely, total phenolic and total flavonoid contents, free radical scavenging activities (DPPH • and ABTS +• ), inhibition of lipid peroxidation (β-carotene bleaching assay), and cupric reducing antioxidant capacity (CUPRAC) were carried out.
The leaf and the herb methanol extracts of A. sivasica demonstrated the strongest free radical scavenging activity with IC 50 values 0.12 μg/mL and 0.22 μg/mL, respectively ( Table 5 ). All the ethyl acetate extracts and EOs were found to be ineffective towards DPPH free radicals. The aqueous extracts displayed relatively lower antioxidant activity in comparison to methanol extracts ( Table 5 ). The CUPRAC assay allowed us to measure the total antioxidant potential of EOs and the extracts of A. sivasica. This method is based on the reduction of Cu(II) to Cu(I) by antioxidants present in the sample. A chromogenic reagent, neocuproine (2,9-dimethyl-1,10-phenanthroline), forms a complex with Cu(I), which has a maximum absorbance at 450 nm. [46] Cupric reducing capacity values obtained for A. sivasica varied from 0.22 to 0.94 mM TE ( Table 5 ). The leaf methanol extract (0.94 mM TE) and the herb EO demonstrated highest reducing capacity (0.81 mM TE). However, the aqueous extracts showed the lowest reducing capacity values (0.22-0.31 mM TE) ( Table 5) .
β-Carotene bleaching assay allowed us to measure the inhibition capacity of antioxidants in protecting the bleaching of β-carotene, a naturally occurring carotenoid, by the hydroperoxides formed due to oxidation of linoleic acid. In this system, the highest inhibition values of linoleic acid oxidation were estimated as 53.9% and 55.8% in the presence of the leaf methanol and ethyl acetate extracts, respectively while for BHT this value was 85.4%. The herb and the flower methanol extracts displayed lower inhibitory activity (49.9% and 41.5%, resp.). All the EOs and the aqueous extracts of A. sivasica were found to be weak inhibitors of lipid peroxidation ( Table 5) . As far as our literature survey could ascertain, there is no previous study on the antioxidant potential of A. sivasica.
Evaluation of antioxidant potent of the tested A. sivasica extracts should be performed by taking into consideration the total phenol and flavonoid contents. As can be seen from Table 3 , the highest content of phenols was measured in the leaf methanol extract (54.7 ± 2.2 GAE). The highest flavonoid content was detected in the herb (31.7 ± 1.0) and the leaf (31.4 ± 3.9 QE). It is known that the antioxidant potential of natural products is related with phenolic compound content and profile. Also, it may depend on the synergistic actions between EO and phenolic constituents. [74] So, high antioxidant potential of the leaf methanol extract may be supposed to be due to phenols and EO which is extracted with methanol too.
Tyrosinase inhibition activity
Antityrosinase assay is based on inhibition of tyrosinase enzyme from mushroom. Tyrosinase is known to be a key enzyme in melanin biosynthesis as well as in dermatological disorders (age spots, melanoma, and freckles) which arise from excessive accumulation of melanin. Therefore, inhibitors of tyrosinase have become increasingly important for treatment of skin disorders. In our experiments, all the methanol extracts and the flower and the leaf ethyl acetate extracts of A. sivasica demonstrated tyrosinase inhibitory activity which varied from 2.9 to 6.2 mg KAE/g extract. The most active extracts were found to be leaf methanol and ethyl acetate extracts (5.5 mg KAE/g extract and 6.2 mg KAE/g extract, respectively). However, EOs and the aqueous extracts were not effective towards this enzyme (Table 5 ). According to antityrosinase activity values, the leaf methanol and ethyl acetate extracts of A. sivasica might be considered as sources of phytochemicals effective against neurodegenerative (Parkinson's disease) and skin (melanogenesis) diseases related with activity of tyrosinase. Nowadays, natural inhibitors of tyrosinase are in demand for food industry. It is known that unfavourable enzymatic browning of plant-derived foods by tyrosinase causes a decrease in nutritional quality and economic loss of food products. [75] 
Conclusion
The present work is the first investigation of A. sivasica EOs and extracts obtained with different solvents from different plant parts. We carried out phytochemical investigations using GC-FID, GC/ MS, LC-MS/MS, and spectrophotometric techniques. Based on the biological activity assays, antioxidant and antityrosinase properties of A. sivasica were revealed. The EOs of A. sivasica oils obtained from the herb, flower, and leaves can be explored as a rich source of valuable volatile constituents such as β-pinene, β-pinene, 1,8-cineole camphor, and β-bisabolol. The extracts of A. sivasica were not rich in polyphenols/flavonoids. However, the activity of natural products is much more related to synergy than to richness of certain groups. In this point of view, the polyvalence effect of numerous secondary constituents, such as polyphenols and terpenoids, must be taken into account. [76] The highest total phenolic and flavonoid contents were determined in the leaf methanol extract. Among the tested extracts for antioxidant and enzyme inhibition activities, methanol extracts of the leaf also demonstrated the highest values. In this context, it should be noted that methanol is the solvent which is able to extract not only polyphenols (hydrophilic fraction), but also terpenoids (lipophilic fraction) from the plant material. In the literature, the polyvalence effect of secondary constituents, such as polyphenols and terpenoids, was reported. [74] Since MeOH extracts of A. sivasica are rich in these two groups of constituents, these compounds can strongly enhance the overall efficacy of these extracts. Probably, lower biological potent of the aqueous extracts, which contain mostly hydrophilic compounds and are poor in lipophilic fraction, can be attributed to the lacking of such type of synergism.
Finally, A. sivasica could be considered as a natural source of active constituents for food supplements and therapeutic applications.
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